INTRODUCTION {#sec1-1}
============

Class II malocclusion is the most frequent sagittal anomaly in orthodontic practice.\[[@ref1][@ref2]\] In growing individuals, the prevalence of orthodontic treatments needs is greater than adults\[[@ref3]\] and skeletal malocclusion can be treated with growth modification techniques.\[[@ref4]\] Because mandibular retrusion is a common characteristic of Class II division 1 malocclusion, functional appliances is frequently used for positioning the retrognathic mandible forward to accelerate mandibular growth and contribute to changes for the patients presenting with convex profile.\[[@ref5]\] The prediction of profile changes that are obtainable with treatment helps orthodontists to decide which treatment options are appropriate. Treatment results may be evaluated differently by the orthodontist and patient due to subjective properties of the esthetic changes. Therefore, treatment simulation that is offered by most of the computer-aided cephalometric analysis programs is essential for previewing and interpreting the treatment results.

The use of cephalometric analysis program provides the ability to easily and accurately perform treatment simulations.\[[@ref6][@ref7]\] These programs concentrate not just on the teeth and the occlusion, but also on the soft tissue profile.\[[@ref8]\] However, due to the difference between the osseous changes and soft tissue translations, the accuracy of profile changes is problematic. Even in nongrowing patients, treatment simulation modules do not reflect the actual soft tissue changes.\[[@ref9][@ref10]\] Therefore, treatment simulation becomes more important in growing patients.

Nowadays, many commercial computer-assisted cephalometric prediction programs are used. Quick Ceph Studio (Quick Ceph Systems, San Diego, CA), which is a popular cephalometric analysis program amongst orthodontists, permits the indirect digitization of landmarks of the digital or scanned cephalogram. The aim of this study is to compare the accuracy of the treatment simulation module of the Quick Ceph program\'s new version which is named with Quick Ceph Studio (QCS) to the actual outcome in growing Class II Division 1 patients treated with functional appliances.

MATERIALS AND METHODS {#sec1-2}
=====================

Twenty-six skeletal Class II patients (17 female, 9 male; mean age: 8.7 years) were selected for this retrospective study. The power of the sample size was calculated by using the G\*Power 3 program (Institut für Experimentelle Psychologie, Düsseldorf, Germany)\[[@ref11]\] and it was determined that 25 subjects would be needed to conduct this study with 80% power (α =0.05). All patients were treated with Frankel-2 appliances (FR2) or preorthodontic trainer (PT) appliance at XXX University Department of Orthodontics. Mean treatment time was 14.4 ± 2.1 months. The lateral cephalometric radiographs were taken at pretreatment (T0) and post-treatment (T1) time intervals. One experienced investigator (XX) using QCS program performed an on-screen digitization for all radiographs. Before applying treatment simulation to the digitized cephalograms, the actual T0-T1 difference was calculated for the SNA, SNB, ANB angles, maxillary incisor inclination (MX 1-NA Angle) and protrusion (MX 1-NA mm.) and mandibular incisor inclination (Md 1-NA Angle) and protrusion (Md 1-NA mm) values. Next, using the treatment simulation module, the aforementioned values for the T0 cephalograms were manually entered to match the actual T1 values taking into account the T0-T1 differences. Thus, the accuracy of the cephalometric soft tissue outlines can be compared and analyzed. To measure the vertical and horizontal distances of anatomic landmarks, the vertical and horizontal reference planes were chosen Nasion perpendicular (NP) line and Frankfort Horizontal (FH) plane, respectively \[[Figure 1](#F1){ref-type="fig"}\]. [Figure 2](#F2){ref-type="fig"} shows the comparison of actual results and treatment simulation of one patient.

![Reference lines and anatomic landmark used in the study. 1-Horizontal reference line (Frankfort horizontal plane) 2-Vertical reference line (Nasion perpendicular) 3-Nose tip 4-Soft tissue A point 5-Upper lip 6-Lower lip 7-Soft tissue B point 8-Soft tissue pogonion](EJD-8-229-g001){#F1}

![Comparison of actual results and treatment simulation](EJD-8-229-g002){#F2}

All statistical analysis was performed with SPSS 17 (SPSS Inc., Chicago, Illinois, USA) program. All measurements were repeated for 15 randomly selected subjects to test for reliability by using the intraclass correlation coefficient (ICC) and Dahlberg\'s formula ![](EJD-8-229-g003.jpg) for linear measurements. Shapiro Wilks test was used to check the normality of the data. Due to the homogeneous distribution of the data, parametric tests were performed. Paired sample *t*-test were applied to determine the difference between actual and treatment simulation measurements. The statistical significance was set at 0.05.

RESULTS {#sec1-3}
=======

The reliability results showed errors of 0.30 mm and ICC values of 0.96 for linear variables. Descriptive demographics of our sample size can be seen in [Table 1](#T1){ref-type="table"}.

###### 

Descriptive analyses of the sample

![](EJD-8-229-g004)

[Table 2](#T2){ref-type="table"} shows the differences between actual and treatment simulation with respect to the NP plane. No significant differences were found for the anteroposterior location of the landmarks. The largest mean difference was observed for the soft tissue pogonion landmark (−1.95 ± 7.55 mm) but it was not statistically significant.

###### 

Differences between actual and treatment simulation of horizontal measurements

![](EJD-8-229-g005)

[Table 3](#T3){ref-type="table"} shows the difference between actual and treatment simulation measurements with respect to the FH plane. Upper lip, soft tissue A point, soft tissue pogonion, and soft tissue B point measurements showed statistically significant difference between actual and treatment simulation. The largest mean difference was found in soft tissue B point (*P* \< 0.001).

###### 

Differences between actual and treatment simulation of vertical measurements

![](EJD-8-229-g006)

DISCUSSION {#sec1-4}
==========

The accuracy of prediction is vital for the orthodontists so that better treatment planning and treatment outcome can be achieved. In several studies\[[@ref7][@ref8][@ref10][@ref12][@ref13]\] computer-generated prediction were used for evaluating changes of soft tissue profile after orthognathic surgery. However, the aim of this study was to evaluate the accuracy of the treatment simulation module of the QCS program in growing patients. Most of the times the mandibular movement amount that is obtained with functional appliances are less compared to orthognathic surgery.\[[@ref14]\] One of the limiting factors of this study is the usage of two different types of appliances that may have led to a variation in soft tissue profile. However, in a previous study using the same sample\[[@ref15]\] it was concluded that the effects of the appliances were similar. Furthermore, this study was not designed to evaluate the effects of appliances over the soft tissue but rather to evaluate the actual treatment results to simulation results. We also tried to eliminate this bias by entering the actual values of changes that were obtained by treatment into the simulation module.

To assessment of the accuracy of the treatment simulation module of QCS program to the actual treatment results, two reference lines were used. The FH line was used to compare the changes in the horizontal plane. Although determining of the Porion point was difficult in some patients, FH plane was a reliable and various number of study used for cephalometric measurements.\[[@ref16][@ref17]\] NP line was also used for vertical distance changes. Although there have been some other vertical reference lines, NP was chosen because of the proximity to soft tissue points that used in this study. Some past cephalometric studies were also used the same vertical reference line for vertical assessment.\[[@ref10][@ref18]\]

Studies\[[@ref8][@ref10][@ref19][@ref20]\] that evaluated the prediction of soft tissue profiles were showed that the more accurate results were observed in the horizontal plane than the vertical plane in concordance with our study. But Lu *et al*.\[[@ref21]\] found that the greatest differences were found in the horizontal plane. This difference arises from the variability of the surgery techniques and cephalometric programs. On the contrary of this difference, most of the studies\[[@ref8][@ref10][@ref20][@ref22][@ref23]\] agreed on the less accurate results were observed for the lower lip area. However, our findings demonstrate that the QCS program was successful in predicting the horizontal and vertical position of the lower lip. While the aforementioned studies evaluate orthognathic surgery, our main goal was to detect the soft tissue changes with functional appliances. This may have also contributed to better simulation results due to the fact that the less movement amount may generate less error.

In a vertical plane Hing *et al*.\[[@ref24]\] and Upton *et al*.\[[@ref10]\] defined the less accurate results for the soft tissue pogonion as well as lower lip. Our findings support these studies by detecting the larger difference with the soft tissue pogonion and also with soft tissue B point. These results proved that poor results were seen in the chin area rather than the lower lip with QCS program.

When taking into account the upper lip, Kazandjian *et al*.\[[@ref8]\] showed that upper lip predictions displayed less accurate results in the vertical plane. Also, Lu *et al*.\[[@ref21]\] found the largest difference was seen in the upper lip distance. In agreement with these studies, this study showed that QCS program place the upper lip different from actual results with a distance of approximately 1.78 mm. Although differences between actual results and treatment simulation were statistically significant, 1-2 mm differences are difficult to detect by the orthodontist and patients.\[[@ref8]\]

Both of the appliances used in the study show neuromuscular effects by removing lips from dentoalveolar region beside skeletal and dental effects. Perioral muscle adaptation to new dentoskeletal structure may change posture of the soft tissues. Also, the soft tissue thicknesses are different between the patients because of individual differences. Therefore, treatment simulation modules could make mistakes during estimating the treatment results.

Finally, the program developers may have updated the soft tissue algorithms in order to produce more reliable results in this newer version. However, further studies are needed with different mandibular or maxillary movement amounts and directions in order to draw better conclusions for the efficacy and reliability of treatment simulation modules of such programs.

CONCLUSIONS {#sec1-5}
===========

In the horizontal plane, our results indicate that the T0--T1 distances between measured parameters were consistent for actual results and treatment simulation. In other words, Quick Ceph program was reliable in terms of reflecting the sagittal changes that would probably occur with treatment and growth. On the other hand, the program tended to place the predicted vertical positions of upper lip, soft tissue pogonion, soft tissue A point, and soft tissue B point different from their actual positions.
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